Effectiveness of wolf (Canis lupus) culling as a measure to reduce livestock depredations by Krofel, Miha et al.
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ORYRPUDQMHQHåLYDOLMHWUHEDMDYLWLWDNRMR]QDMNDVQHMHY
 XUDK ,VWR YHOMD ]D QDNOMXþQH QDMGEH SRJLQXOLK åLYDOL
3RYRåHQH DOL ]DVWUHOMHQH åLYDOL VH YHGQR VNXãD QDMWL
NDU RGUHMD WXGL ]DNRQRGDMD 0HULWYH YVHK PUWYLK åLYDOL
RSUDYOMD SRREODãþHQR RVHEMH =*6 ]D REGXNFLMH YRONRY
VNUEL 1DFLRQDOQL YHWHULQDUVNL LQãWLWXW 9 WHM UD]LVNDYL
XSRUDEOMDPR WHUPLQ RGY]HP ]D YVH L]ORþLWYH YRONRY
NL VR SRVOHGLFD GHORYDQMD þORYHND QSU RGVWUHO SRYR]
SUHVHOLWHYWHUWHUPLQRGVWUHONRJUH]DOHJDOQRXVPUWLWHY
YRONRYVVWUHOQLPRURåMHP
9GHODQDOL]VPRYNOMXþLOLWXGLSRGDWNHRãWHYLOXRYDF
Y 6ORYHQLML NL VPR MLK GRELOL QD 6WDWLVWLþQHP XUDGX 56
6856
$QDOL]DSRGDWNRY
'DWDDQDO\VLV
1DMYHþãNRGH]DUDGLQDSDGRYYRONRYY6ORYHQLML MH
SRY]URþHQHVUHGLOHWDPHGPDMHPLQRNWREURP8/$0(&
ý(51(HWDOPHGWHPNRMHRGVWUHOSRWHNDO
SUHGYVHP NRQHF OHWD =DWR ODKNR SULþDNXMHPR GD VH
XþLQHNRGVWUHODRSUDYOMHQHJDYHQHP OHWXQDMEROMSR]QD
QDVOHGQMHOHWR7RMHUD]ORJGDVPRSULDQDOL]LXþLQNRYLWRVWL
RGVWUHOD]D]PDQMãHYDQMHãNRGHXJRWDYOMDOLSRYH]DYRPHG
RGVWUHORPSRVDPH]QHJDOHWDLQREVHJRPãNRGHSRY]URþHQH
YQDVOHGQMHPOHWX
7DNRãWHYLORãNRGQLKSULPHURYNRWãWHYLORRGVWUHOMHQLK
YRONRYVWDYUD]LVNRYDOQHPREGREMXYSRYSUHþMXQDUDãþDOD
'DELVHL]RJQLOLQDSDNL]DUDGLþDVRYQHNRDYWRNRUHOLUDQRVWL
SRGDWNRYVPRL]SRGDWNRYRGVWUDQLOLþDVRYQLWUHQGLQMLK
UHODWLYL]LUDOL3RGDWNRPRãWHYLOXãNRGQLKSULPHURYLQRGV
WUHOX YROND VPR SULUHGLOL OLQHDUQH UHJUHVLMVNH IXQNFLMH Y
REHKSULPHULK MHQHRGYLVQDVSUHPHQOMLYNDþDV LQ]DRED
SRGDWNRYQD QL]D L]UDþXQDOL RGNORQH RG UHJUHVLMH WHU WXGL
UHODWLYQH RGNORQH   RGNORQ î QDSRYHGDQD YUHGQRVW
6NRUHODFLMVNRDQDOL]RVPRXJRWDYOMDOLDOLVWDUHODWLYQDLQ
DEVROXWQD YLãLQD RGVWUHOD YRONRY Y QHNHP OHWX SRYH]DQD
] UHODWLYQLP LQ DEVROXWQLP ãWHYLORP ãNRGQLK SULPHURY
QD GRPDþLK åLYDOLK Y QDVOHGQMHP OHWX1DãD KLSRWH]D MH
GD SDUDPHWUD SDURPD QHJDWLYQR NRUHOLUDWD YHþML RGVWUHO
 PDQM ãNRGQLK SULPHURY 3ROHJ WHJD VPR ]D VSORãQL
YSRJOHGYGLQDPLNRSRY]URþHQHãNRGHLQRGVWUHODYRONRY
PHG OHWL WHU SRYH]DYDPL PHG SRWHQFLDOQLPL YSOLYQLPL
GHMDYQLNL ãNRGH QDSUDYLOL WXGL NRUHODFLMVNH DQDOL]H PHG
QDVOHGQMLPL VSUHPHQOMLYNDPL  OHWR  YLãLQDRGVWUHOD
YRONRY  YLãLQD YVHJD ]QDQHJD RGY]HPD YRONRY 
ãWHYLORRYDFY6ORYHQLMLãWHYLORãNRGQLKSULPHURY
YUHGQRVW RFHQMHQH ãNRGH .RW HQR L]PHG VSUHPHQOMLYN
VPRXSRUDELOLãWHYLORRYDFLQQHYVHKYUVWGRPDþLKåLYDOL
NHU VH YHOLND YHþLQD YVHK QDSDGRY YRONRY QD åLYLQR Y
6ORYHQLMR]JRGLQD WHMYUVWL 8/$0(&ý(51(HW
DO=DXJRWDYOMDQMHSRYH]DYPHGVSUHPHQOMLYNDPL
VPRXSRUDELOL QHSDUDPHWULþQR6SHDUPDQRYR UNRUHODFLMR
NL LPD WR SUHGQRVW SUHG SDUDPHWULþQR NRUHODFLMR GD MH
REþXWOMLYD ]D YVH PRQRWRQH LQ QH OH OLQHDUQH SRYH]DYH
PHG VSUHPHQOMLYNDPD WHU QH SUHGSRVWDYOMD QRUPDOQHJD
SRUD]GHOMHYDQMDVSUHPHQOMLYN
5H]XOWDWL
5HVXOWV
9 þDVX UD]LVNDYH  MH ELOR Y 6ORYHQLML
]DEHOHåHQLK  QDSDGRY YRONRY QD GRPDþH åLYDOL RG
GROHWQRYSRYSUHþMXOHWQRRFHQMHQDãNRGD
MH ]QDãDOD PLOLMRQD HYURY YSRYSUHþMX HYURY
OHWQR 9 OHWLK  GR  NR MH Y 6ORYHQLML SRWHNDO
OHJDOQL RGVWUHO YRONRY MH ELOR OHJDOQR RGVWUHOMHQLK 
YRONRY YSRYSUHþMX OHWQR RGVWUHO SD VH MHPHG OHWL
SUHFHM UD]OLNRYDO RG  GR  YRONRY RGVWUHOMHQLK OHWQR
VOLND2GVWUHOMHYWHPþDVXREVHJDOYVH]DEHOHåHQH
VPUWQRVWLYRONRY
$QDOL]DRGVWUHODYRONRYLQãWHYLODãNRGQLKSULPHURY
MHSRND]DODGDVWDSDUDPHWUDSRSROQRPDQHRGYLVQDYLãLQD
RGVWUHOD QL LPHOD VWDWLVWLþQR ]D]QDYQHJD YSOLYD QD REVHJ
ãNRG SUHJOHGQLFD  6PHU NRUHODFLMH VH VLFHU XMHPD V
SULþDNRYDQR YHQGDU VR SRYH]DYH PHG VSUHPHQOMLYNDPD
WDNRRKODSQHPLQLPDOQLS GDMLKODKNRMHPOMHPR
NRWSRSROQRPDQDNOMXþQHLQQHSRPHPEQH3ULþDNRYDQHJD
XþLQNDRGVWUHODQL]DVOHGLWLQLWLþHSULPHUMDPRGYHQDMEROM
HNVWUHPQL OHWL Y ]DGQMHP þDVX SR QDMYHþMHP RGVWUHOX
YRONRYPHGQDãRUD]LVNDYRåLYDOLOHWRMHVOHGLO
GR VHGDM QDMYHþML SRUDVW Y ãWHYLOX ãNRGQLK SULPHURY LQ
NROLþLQL L]SODþDQLK RGãNRGQLQ PHGWHP NR VH MH SR OHWX
NRQLELOXVWUHOMHQQREHQYRONãNRGDFHORQHNROLNR
]PDQMãDODVOLND
*OHGHQD WRGD MHQDãHUD]LVNRYDOQRREGREMHGRNDM
NUDWNRLQYVHDQDOL]H]DWRWHPHOMLMRQDPDMKQHPY]RUFX
R] OHW ãLENH LQQH]QDþLOQHSRYH]DYHPHGRGVWUHORP
LQ ãNRGR WXGL VLFHU åH ]JROM PHWRGRORãNR JOHGDQR QLVR
SUHVHQHWOMLYH9HQGDUODKNRQDRVQRYLUH]XOWDWRYNOMXEWHPX
]DQHVOMLYR VNOHSDPR GD OHJDOQL RGVWUHO YRONRYQH YSOLYD
QDREVHJãNRGHR]GDVRQMHJRYLYSOLYLWXGLþHREVWDMDMR
ELVWYHQRPDQMSRPHPEQLRGGUXJLKGHMDYQLNRYLQVR]DWR
SULNULWL
.RUHODFLMVND DQDOL]D PHG SRWHQFLDOQLPL YSOLYQLPL
GHMDYQLNLãNRGHMHSRND]DODGDVWDãWHYLORãNRGQLKSULPHURY
LQ YLãLQD L]SODþDQLK RGãNRGQLQ Y þDVX QDUDãþDOD YHQGDU
QLVWDELOD]QDþLOQRSRYH]DQD]RGVWUHORPYRONRY3DþSDMH
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
6OLNDâWHYLORãNRGQLKSULPHURY]DUDGLQDSDGRYYRONRYQDGRPDþHåLYDOLVWROSFLLQãWHYLOROHJDOQRRGVWUHOMHQLKYRONRY
þUWH]DSRVDPH]QROHWRY6ORYHQLML
)LJXUH1XPEHURIDWWDFNVRIZROYHVRQGRPHVWLFDQLPDOVEDUVDQGQXPEHURIOHJDOO\VKRWZROYHVOLQHVSHU\HDU
LQ6ORYHQLD
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'DPDJHVDEVROXWHO\
âNRGHUHODWLYQR
'DPDJHVUHODWLYHO\
 2GVWUHODEVROXWQR
&XOOLQJDEVROXWHO\ S  S 
 2GVWUHOUHODWLYQR
&XOOLQJUHODWLYHO\ S  S 
3UHJOHGQLFD.RUHODFLMHPHGRGVWUHORPYRONRYLQãWHYLORPãNRGQLKSULPHURYYQDVOHGQMHPOHWXY6ORYHQLML]DREGREMH

7DEOH&RUUHODWLRQVEHWZHHQDQQXDOQXPEHURIOHJDOO\VKRWZROYHVDQGQXPEHURIDWWDFNVRQOLYHVWRFNLQWKHHQVXLQJ
\HDULQ6ORYHQLDLQ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9VHL]ORþLWYH
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  
âWRYDF
1RRIVKHHS
 
âNRGDY(85
'DPDJHVLQ¼ 
3UHJOHGQLFD6SHDUPDQRYHUNRUHODFLMHPHGOHWRPRGVWUHORPYRONRYYVHPL]DEHOHåHQLPLL]ORþLWYDPLYRONRYãWHYLORP
ãNRGQLKSULPHURYRFHQMHQRãNRGRLQãWHYLORPRYDFY6ORYHQLML]DREGREMH
7DEOH  6SHDUPDQ¶V UDQN FRUUHODWLRQV EHWZHHQ \HDU QXPEHU RI OHJDOO\ VKRWZROYHV DOOZROI UHPRYDOV QXPEHU RI
DWWDFNVRQOLYHVWRFNE\WKHZROYHVHVWLPDWHGGDPDJHFRPSHQVDWLRQVDQGQXPEHURIVKHHSLQ6ORYHQLDLQ
NRUHODFLMDMHVWDWLVWLþQR]QDþLOQDS
FRUUHODWLRQLVVWDWLVWLFDOO\VLJQL¿FDQW S  
.URIHO0ýHUQH5-HULQD.8þLQNRYLWRVWRGVWUHODYRONRY&DQLVOXSXVNRWXNUHSD]D]PDQMãHYDQMH 
ELORVãNRGRSUHFHMEROMLQVWDWLVWLþQR]QDþLOQRSRYH]DQR
JLEDQMHãWHYLODRYDFSUHJOHGQLFDNDUQDND]XMHGDJUH
GHO SRUDVWD ãNRGH QD UDþXQ SRYHþDQMD RYþHUHMH /H WD VH
MHY6ORYHQLML YREGREMX UD]LVNDYHSRYHþDOD ]QD
R]]DYHþNRWNUDW
3UHJOHGWXMLKUD]LVNDYRXþLQNRYLWRVWL
RGY]HPDYRONRY]D]PDQMãHYDQMHãNRGH
5HYLHZRIIRUHLJQVWXGLHVRQHIIHFWLYHQHVV
RIZROIFXOOLQJIRUUHGXFWLRQRIOLYHVWRFN
GHSUHGDWLRQV
9 ]DGQMLK LK OHWLK MH ELOR SR VYHWX RSUDYOMHQLK
YHþUD]LVNDYXþLQNRYLWRVWLRGY]HPDYRONRY]RGVWUHORP
V SDVWPL DOL VWUXSRP ]D ]PDQMãHYDQMH ãNRGH QD åLYLQL
3RQHNRGVRSUHYHUMDOLYSOLYVSUHPLQMDQMDãWHYLODRGY]HWLK
YRONRYQDãWHYLORQDSDGRYQDåLYLQRGUXJRGUD]OLNHPHG
REPRþMLNMHUVRYSRSXODFLMRYRONRYSRVHJDOL LQNMHUQH
QHNDM UD]LVNDY SD MH REUDYQDYDOR XþLQNH ]HOR PRþQHJD
SRVHJDQMDYSRSXODFLMRYRONRYR]LURPDL]WUHEOMDQMDYRONRY
ERGLVL Y HNVSHULPHQWDOQH QDPHQH ERGLVL NRW VUHGVWYR
UHãHYDQMD NRQÀLNWRY 9 QDGDOMHYDQMX SUHGVWDYOMDPR
UH]XOWDWHWHKUD]LVNDY
6HYHUQD$PHULND
1RUWK$PHULFD
0LQQHVRWD='$)5,776HWDO
90LQQHVRWLVRYOHWLKVSDVWPLXMHOL
YRONRYLQMLKRGWHJDRGVWUDQLOLXVPUWLOLDOLSUHVHOLOL
2GORY MH YHþLQRPD SRWHNDO QD SRVHVWLK NMHU MH ELOD
SRY]URþHQDãNRGD5D]LVNDYDMHSRND]DODGDRGVWUDQMHYDQMH
YRONRYQLELORXþLQNRYLWRVUHGVWYR]D]PDQMãHYDQMHãNRGH
âNRGDVHMHSRJRVWRQDGDOMHYDODQDSDãQLNLKNMHUVRUHGQR
RGVWUDQMHYDOL YRONRYH SR GUXJL VWUDQL SD MH SRY]URþDQMH
ãNRGHYHþNUDWSUHQHKDORWXGLNRYRONRYQLVRRGVWUDQLOL9
SRYSUHþMXVHMHSRY]URþDQMHãNRGHSRQRYLORYHþNUDWþHVR
YRONDRGVWUDQLOLNRWþHJDQLVRXMHOL3RGDWNLVRSRND]DOL
GDVHODKNRSRRGY]HPXYRONRYãNRGHãHSRYHþDMR$YWRUML
SUHGYLGHYDMR GD SR RGY]HPX SUHåLYHOL YRONRYL ]DþQHMR
SRJRVWHMH SOHQLWL GRPDþH åLYDOL 7R VNOHSDMR QD SRGODJL
SRGDWNRY R YRONRYLK NL VR MLK VSUHPOMDOL V WHOHPHWULMR
2SD]LOL VR QDPUHþ GD VR SR RGVWUDQLWYL YHOLNHJD GHOD
RVWDOLKþODQRYWURSDSUHåLYHOLYRONRYLSRVWDOLEROMRGYLVQL
RGGRPDþLKåLYDOLKNRWVRELOLSUHGSRVHJRP9UD]LVNDYL
QLVRRSD]LOL UD]OLNYQDGDOMQMHPSRMDYOMDQMX ãNRGH þH VR
RGVWUDQLOL GRPLQDQWQHJD DOL SRGUHMHQHJD YROND Y WURSX
0LQQHVRWD='$+$53(5HWDO
$QDOL]LUDOL VR  SRWUMHQLK QDSDGRY YRONRY QD
GRPDþH åLYDOL Y OHWLK  3UHGSRVWDYND GD
RGVWUDQMHYDQMHYRONRY]PDQMãDãWHYLORãNRGYQDVOHGQMHP
OHWXVHQLL]ND]DOD]DSUDYLOQRQLWLQDORNDOQHPQLYRMXQLWL
QDQLYRMX]YH]QHGUåDYHâWHYLORQDSDGRYVHMHYVSORãQHP
ãH SRYHþDOR þH MH ELOR XELWLK YHþ YRONRY âNRGH VR VH
QHNROLNR]PDQMãDOHYSULPHULKNRMHELORGVWUDQMHQRGUDVHO
VDPHFYUD]GDOMLPDQMNRWNPRGSDãQLNDâNRGHVRVH
QHNROLNR]PDQMãDOHWXGLQDPHVWLKNMHUVRSRVWDYLOLSDVWL]D
RGORYYRONRYSULWHPSDQLELORSRPHPEQRDOLMHELORGORY
XVSHãHQLQVRYRONDXELOLDOLþHVHYRONQLXMHO
,GDKR0RQWDQDLQ:\RPLQJ='$WHU$OEHUWD
.DQDGD086,$1,HWDO
$QDOL]LUDOLVRYVH]DEHOHåHQHãNRGQHSULPHUH]DUDGL
QDSDGRYYRONRYWHURGY]HPYRONRYYOHWLKQD
REPRþMX 6NDOQHJD JRURYMD Y ='$ LQ .DQDGL 2GY]HP
YRONRYMHYHþLQRPDSRWHNDONRWUHDNFLMDQDSRMDYãNRGQLK
SULPHURY $QDOL]D MH SRND]DOD GD RGY]HP YRONRY QL
]PDQMãDOãNRGHQHNUDWNRURþQRQHGROJRURþQR8þLQNDQL
ELORQLWLNRVRRGVWUDQLOLFHORWHQWURSVDMVRSUD]QLWHULWR
ULMKLWUR]DVHGOLGUXJLYRONRYLâNRGDVHMHQDGDOMHYDODþH
VH QLVR L]EROMãDOL YDURYDOQL XNUHSL LQ VSUHPHQLOL RNROMVNL
GHMDYQLNL $YWRUML NRW XNUHS ]D ]PDQMãHYDQMH ãNRGH
SULSRURþDMRSUHGYVHPEROMãHYDURYDQMHåLYLQH
$OEHUWD.DQDGD%-25*(*81621
9 GYHK ]LPDK Y OHWLK  VR Y SRVNXVX V
SRPRþMR ]DVWUXSOMDQMD V VWULKQLQRP GUDVWLþQR ]PDQMãDOL
SRSXODFLMRYRONRY3RRFHQDKVRRGRNROLYRONRYSUHG
]DVWUXSOMDQMHPSRSRVHJXQDREPRþMXSUHåLYHOLVDPRWULMH
YRONRYL RGVWRWQD UHGXNFLMD 3RVOHGLþQR VH MH ãWHYLOR
ãNRGQLKSULPHURY]PDQMãDOR]DYSUYHPOHWXLQ
YGUXJHPOHWX
$OEHUWD.DQDGD08+/<HWDO
$QDOL]D SRMDYOMDQMD QDSDGRY YRONRY QD GRPDþH
åLYDOL JOHGH QD XSRUDEOMHQH XSUDYOMDYVNH XNUHSH QD
SRVDPH]QLK NPHWLMDK QL SRND]DOD GD EL RGY]HP YRONRY
YSOLYDOQDSRMDYOMDQMHãNRGH2SD]LOLVRFHORGDVHMHãNRGD
ãHQDGDOMHSRYHþDODQDNPHWLMDKNMHUVRELOLXELWLYRONRYL
9HþMLYSOLYQDSRMDYOMDQMHãNRGHMHLPHORYDURYDQMHåLYLQH
YPDQMãLPHULSDWXGLQHNDWHULRNROMVNLGHMDYQLNL$YWRUML
]DNOMXþXMHMRGDRGY]HPYRONRYQLGROJRURþQD UHãLWHY]D
]PDQMãDQMHãNRGHQDGRPDþLKåLYDOLK
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
(YURSD
(XURSH
=DKRGQD(YURSD/,11(//HWDO
=DUDGL QDSDGRY QD GRPDþH åLYDOL LQ SOHQMHQMD
SURVWRåLYHþLK åLYDOL VR OMXGMH V VLVWHPDWLþQLP PRþQLP
SRVHJDQMHP GR ]DþHWND  VWROHWMD L]WUHELOL YRONRYH Y
FHORWQL]DKRGQL(YURSL3RVOHGLþQRVHYHGDQDWHPREPRþMX
QLYHþSULKDMDORGRãNRGQLKSULPHURYQDGRPDþLKåLYDOLK
]DUDGLYRONRY
âSDQLMD%/$1&2&257(6
9âSDQLML åLYL SR RFHQDKRNROL YRONRYY 
WURSLKLQOHWQRL]SODþDMRHYURYRGãNRGQLQ]DUDGL
QDSDGRYYRONRYQDGRPDþHåLYDOL3RGDWNLNDåHMRGDREVHJ
ãNRGH SR REPRþMLK QL SRYH]DQ V ãWHYLORP YRONRY QLWL V
SRVHJDQMHPYSRSXODFLMHDPSDNSUHGYVHP]QDþLQRPUHMH
LQYDURYDQMDåLYLQH7DNRVRQDSULPHUYSRNUDMLQL.DVWLOLMD
LQ/HRQQDMYHþMHJRVWRWHYRONRYLQSRVHJDQMHYSRSXODFLMR
MH]HORPDMKQR.OMXE WHPXSD MHSUHGYVHP]DUDGLGREUH
]DãþLWH ] ]DSLUDQMHPGUREQLFH Y YDUQH RJUDGH SUHN QRþL
XSRUDEH SVRY LQ GQHYQH QDY]RþQRVWL SDVWLUMHY ãNRGH QD
GRPDþLK åLYDOLPDOR1DVSURWQRY SRNUDMLQDK.DVWLOMD LQ
$YLODNMHUMHãWHYLORYRONRYPDQMãHLQYSRSXODFLMHYRONRY
PRþQR SRVHJDMR SULKDMD GR YHOLNH ãNRGH QD GUREQLFL
6NDQGLQDYLMD/,%(5*HWDO
96NDQGLQDYLMLåLYLRNROLYRONRY2GSULEOLåQR
ãHVWPLOLMRQRYJODYåLYLQHOHWQRYRONRYLXELMHMRRNROL
åLYDOL1DMYHþãNRGHMHSRY]URþHQHQD1RUYHãNHPNMHUMH
UD]ãLUMHQDLQWHQ]LYQDRYþHUHMDYDURYDQMHåLYLQHMHVODERDOL
JDVSORKQLSURVWDUHMDEUH]YDURYDQMDãWHYLORYRONRYSDMH
PDMKQR3RGUXJLVWUDQLSDVHQDâYHGVNHPNMHUåLYLYHþLQD
YRONRY LQ MH YDURYDQMH GUREQLFH GREUR ãNRGD SRMDYOMD
SUHFHMUHGNHMH8SUDYOMDQMH]YRONRYLY6NDQGLQDYLMLWHPHOML
QD FRQLUDQMX SUL þHPHU VR Y MXåQHP GHOX 6NDQGLQDYLMH
XYHGOLREPRþMHNMHU MHSULRULWHWDRKUDQMDQMHYRONRY WDP
åLYLYHOLNDYHþLQDYVHSRSXODFLMH9VHYHUQHPGHOXSDLPD
SUHGQRVWåLYLQRUHMDWDNRGDWDPVWDOQHQDY]RþQRVWLYRONRY
QHWROHULUDMR1DWHPREPRþMXRGVWUHOLMRYRONRYHWDNRMNR
MHSRY]URþHQDãNRGD WDNRGD MHPDORPRåQRVWLGDEL VH
REOLNRYDOL VWDOQL WHULWRULDOQL WURSL NL EL VH UD]PQRåHYDOL
âWHYLOR XELWLK GRPDþLK åLYDOL ]XQDM YDURYDQHJD REPRþMD
YRONRYMH]DWRPDMKQR
'LVNXVLMD
'LVFXVVLRQ
8þLQNRYLWRVWRGVWUHODNRWXNUHSD]D]PDQMãHYDQMH
ãNRGH
(IIHFWLYHQHVVRIZROIFXOOLQJDVDPHDVXUHWRUHGXFH
GHSUHGDWLRQV
3RGDWNL R SRMDYOMDQMX ãNRGH LQ RGVWUHOX YRONRY Y
6ORYHQLMLQHSRWUMXMHMRSUHGSRVWDYNHGDODKNRVWUDMQRVWQLP
RGVWUHORP YRONRY ]PDQMãXMHPR ãNRGR ]DUDGL QDSDGRY
YRONRY QD GRPDþH åLYDOL 9]RUHF MH ELO VLFHU UHODWLYQR
PDMKHQOHWYHQGDUVHXþLQHNRGVWUHODQLSRND]DOQLWLY
QDMEROMNRQWUDVWQLKOHWLKNRVHMHãWHYLORRGVWUHOMHQLKYRONRY
QDMEROMUD]OLNRYDOR2þLWQRQDSRY]URþDQMHãNRGHYSOLYDMR
SUHGYVHPGUXJLGHMDYQLNLNRWVRYDURYDQMHåLYLQHãWHYLOR
GUREQLFH QD REPRþMX YRONRY WHU UD]ãLUMHQRVW SRSXODFLMH
YRONRY PRUGD SD WXGL QDþUWQH ]ORUDEH RGãNRGQLQVNHJD
VLVWHPD V VWUDQL QHNDWHULK UHMFHY GUREQLFH QD REPRþMX
YROND
9 MDYQRVWL VH SRJRVWR SRHQRVWDYOMD GD VH ãNRGD
]DUDGL QDSDGRY YRONRY Y ]DGQMLK OHWLK SRYHþXMH ]DVWUDQ
QDUDãþDQMDãWHYLODYRONRY2EWHPVHQHXSRãWHYDGDVHMH
ãNRGDY]DGQMLKLKOHWLKSRYHþDOD]DYHþNRWNUDWNDU
MHQHGYRPQRSUHFHMYHþRGVSUHPHPEYãWHYLOþQRVWLYRONRY
Y WHP REGREMX7R NDåH QD WR GD VR VH Y ]DGQMHP þDVX
PRUDOLPRþQRVSUHPHQLWLWXGLGUXJLGHMDYQLNLNLVRSULVSH
YDOL N QDUDãþDQMX ãNRGH (QD L]PHG YHþMLK VSUHPHPE Y
RNROMXYWHPREGREMXMHELOPRþDQSRUDVWRYþHUHMHVDMVHMH
ãWHYLORRYDFY6ORYHQLMLRGOHWDGRSRYHþDOR]D
YHþNRWNUDW68562EHQHPSDMHGRQDMYHþMHJD
SRUDVWD Y LQWHQ]LYQL RYþHUHML SULãOR UDYQR QD REPRþMX
UD]ãLUMHQRVWL YRONRY.QDUDãþDQMX ãNRGH Y ]DGQMLK LK
OHWLK MH SULVSHYDOR WXGL SRYHþDQMH UD]ãLUMHQRVWL VWDOQHJD
SRMDYOMDQMD YRONRY QD GHOX 3ULPRUVNH NMHU MH RYþHUHMD
SRVWDODHQDL]PHGSRJRVWLKREOLNUDEHSURVWRUD
5H]XOWDWL DQDOL]H XþLQNRYLWRVWL RGVWUHOD YRONRY ]D
]PDQMãHYDQMH ãNRGH Y 6ORYHQLML VH XMHPDMR ] UH]XOWDWL
SRGREQLK UD]LVNDY L] WXMLQH 3R SUHJOHGX GRVWRSQH
OLWHUDWXUH VH MH QDPUHþ L]ND]DOR GD VNRUDMGD YVH WXMH
UD]LVNDYH NDåHMR GD RGY]HP YRONRY Y ]PHUQHP REVHJX
WMWUDMQRVWQLRGY]HPNLRPRJRþDGROJRURþQRSUHåLYHWMH
YRONRY QL XNUHS V NDWHULP EL ELOR PRJRþH XþLQNRYLWR
]PDQMãDWLãNRGRQDåLYLQLQHNUDWNRURþQRQHGROJRURþQR
1D QHXþLQNRYLWRVW RGY]HPD YRONRY RSR]DUMDMR WDNR
UD]LVNDYHL]6HYHUQH$PHULNLNRW(YURSH9YHþSULPHULKVR
UD]LVNRYDOFLFHORRSD]LOLGDMHELOXþLQHNRGY]HPDYRONRY
QDVSURWHQ RG SULþDNRYDQHJD ± ãWHYLOR ãNRGQLK SULPHURY
VH MH SRRGY]HPXYRONRY ãHSRYHþDOR5D]ORJ ]D WDNãQR
SRYH]DYRNLLQWXLWLYQRQLSULþDNRYDQDMHQDMYHUMHWQHMHY
VRFLDOQHP VLVWHPXYRONRY LQPHKDQL]PLK NL XUDYQDYDMR
QMLKRYRSRSXODFLMVNRGLQDPLNR9RONRYLODVWQRSRSXODFLMVNR
JRVWRWRXUDYQDYDMRSUHNWHULWRULDOQRVWL]DWRVHRE]PHUQHP
SRVHJDQMX Y SRSXODFLMR SRYHþDWD URGQRVW LQ SUHåLYHWMH
GLVSHUJLUDMRþLK RVHENRY NL ]DSROQMXMHMR ]DUDGL RGY]HPD
.URIHO0ýHUQH5-HULQD.8þLQNRYLWRVWRGVWUHODYRONRY&DQLVOXSXVNRWXNUHSD]D]PDQMãHYDQMH 
L]SUD]QMHQLSURVWRU0(&+%2,7$1,2EUDWQRVH
RE]PDQMãDQMXRGVWUHODSRYHþDGHOHåQDUDYQHVPUWQRVWLLQ
]PDQMãDUD]PQRåHYDQMHWDNRGDVHJRVWRWHQHVSUHPHQLMR
ELVWYHQR587/('*(HWDO3RRGVWUHOXYRONRYãH
SRVHEHMþH MHRGVWUHOMHQGRPLQDQWHQRVHEHN ODKNRSULGH
GRUD]SDGDWURSRYQMLKRYHWHULWRULMHSDQDGRPHVWLMRGUXJL
PODMãL YRONRYL NL ]DUDGL PDQMãH L]NXãHQRVWL SUL ORYX LQ
PRUGDWXGLPDQMQHJDWLYQLKL]NXãHQMVþORYHNRPSRJRVWHMH
ORYLMR GRPDþH åLYDOL 3UL VWDUHMãLK XVWDOMHQLK RVHENLK MH
ELODQDPUHþXJRWRYOMHQDYSRYSUHþMXQLåMDVWRSQMDQDSDGRY
QD GRPDþH åLYDOL NRW SUL PODMãLK QHL]NXãHQLK RVHENLK
NL VWDUHMãH YRONRYH QDGRPHVWLMR SR RGVWUHOX )5$1. 
:22'52))(75(9(61$8*+72175(9(6
3ROHJWHJDODKNRVNOHSDPRGDIUHNYHQFDQDSDGRYQD
GRPDþHåLYDOLQLRGYLVQDRGYHOLNRVWLWURSDVDMVHYRONRYL
]DUDGL L]RJLEDQMD OMXGHPLQRGVWUDQMHYDQMD WUXSHOVVWUDQL
þORYHND SUDYLORPD QH YUDþDMR N WDNãQHPX SOHQX =DUDGL
UHDNFLMHQDQHQDUDYQRVWDQMHSUHRELOLFHQDLYQHJDSOHQDSD
SRJRVWRXSOHQLMRWXGLYHþåLYDOLNRWMLKODKNRSRMHGR=DWR
VHWXGLSR]PDQMãDQMXYHOLNRVWLWURSD]RGVWUHORPSRWUHED
SRãWHYLOXXSOHQMHQLKGRPDþLKåLYDOLQHVSUHPHQL/DKNR
SD SRVWDQHMR SUHåLYHOL YRONRYL SR L]JXEL GUXJLK þODQRY
WURSDEROMRGYLVQLRGGRPDþLKåLYDOLNDUNDåHMRQHNDWHUL
SULPHULYRONRYRSUHPOMHQLKVWHOHPHWULþQLPLRYUDWQLFDPL
)5,776HWDO
9QDVSURWMXVWUDMQRVWQLPORYRPSDMHRGVWUHOYRONRY
ODKNR XþLQNRYLW XNUHS ]D ]PDQMãDQMH NRQÀLNWRY þH VH ]
GUDVWLþQLPL SRVHJL Y SRSXODFLMR GRVHåH ORNDOQR L]XPUWMH
YRONRYR]LURPD VHXELMHYHOLNRYHþLQRYRONRYQDQHNHP
REPRþMX7DNãHQ XNUHS MH QD SULPHUPRþ XSRUDEOMDWL SUL
FRQLUDQMXNRVHQDGRORþHQHPYHþMHPREPRþMXSUHSUHþXMH
VWDOQDSRVHOLWHYYRONRYQDGUXJHPREPRþMXSDVHYRONR
YLYDUXMHMRREHQHPSDSUHSUHþXMHMRNRQÀLNWL ] XYDMDQMHP
PDQMNRQÀLNWQH UDEH SURVWRUD R]LURPD EROMãH ]DãþLWH åLYLQH
/,11(//HWDO=DUDGLWHULWRULDOQRVWLYRONRY
MH Y GRORþHQLK SULPHULK FRQLUDQMH ODKNR XþLQNRYLW QDþLQ
XSUDYOMDQMD V WR YUVWR9HQGDU SDPRUDMR ELWL SRVDPH]QD
XSUDYOMDYVND REPRþMD GRYROM YHOLND QDYDGQR YVDM QHNDM
WLVRþ þH QH GHVHW WLVRþ NP LQ YDURYDQR REPRþMHPRUD
LPHWL UHODWLYQR PDMKQR GROåLQR URED JOHGH QD SRYUãLQR
NDUYUD]JLEDQLLQUD]PHURPDPDMKQL6ORYHQLML]PDQMãXMH
XSRUDEQRVWWDNãQHJDXNUHSD3ROHJWHJD]DUDGL]DNRQRGDMQLK
L]KRGLãþSUHGYVHP'LUHNWLYHRKDELWDWLK'LUHNWLYD6YHWD
(*6 ] GQH  PDMD  R RKUDQMDQMX QDUDYQLK
KDELWDWRY WHU SURVWR åLYHþLK åLYDOVNLK LQ UDVWOLQVNLK YUVW
FRQLUDQMD QH PRUHPR XSRUDELWL NRW XNUHS ]D UHãHYDQMH
NRQÀLNWRY ]QRWUDM YHþLQH WUHQXWQH UD]ãLUMHQRVWL YRONRY Y
6ORYHQLML
7UDMQRVWQL RGVWUHO YRONRY ELPRUGD ODKNR ELO GHOQR
XþLQNRYLWþHELYRONRYHWDUþQRVWUHOMDOLYQHSRVUHGQLEOLåLQL
NRQÀLNWQLK ORNDFLM WM QD SDãQLNLK ] åLYLQR 2E RGVWUHOX
HQHJDL]PHGþODQRYWURSDQDRESDãQLNXVHQDPUHþSUHåLYHOL
þODQLWURSDODKNRQDXþLMRGDMHEOLåLQDåLYLQHQHYDUQDLQ
]DþQHMRVH ML L]RJLEDWLSRVOHGLþQRSDVH ODKNR]PDQMãDMR
QDSDGL QD GRPDþH åLYDOL 75(9(6  .HU VR WURSL
YRONRYPRþQR WHULWRULDOQLQD WRREPRþMHQHERGRSXVWLOL
GUXJLKYRONRY=DWRMHSRPHPEQRGDREWDNãQLKSRVHJLK
QHRGVWUHOLPRGRPLQDQWQHJDSDUDVDMYWHPSULPHUXWURS
SRJRVWR UD]SDGHSUD]HQ WHULWRULMSD]DSROQLGUXJ WURSNL
QLPDQHJDWLYQLKL]NXãHQMRESDãQLNLKLQãNRGDVHERVSHW
SRQDYOMDOD7DNãHQQDþLQRGVWUHODELELOYHUMHWQRWXGLEROM
VSUHMHPOMLY]DãLUãRMDYQRVWSULþDNXMHPRSDODKNRWXGLYHþML
XþLQHNQDWROHUDQFRUHMFHYNRWVSORãQLRGVWUHOVUHGLYHþMLK
JR]GQLKNRPSOHNVRYJOHMWXGLQDVOHGQMHSRJODYMH6RSD
SRWUHEQH GRGDWQH UD]LVNDYH NL EL QDWDQþQHMH UD]MDVQLOH
XþLQNRYLWRVWL RGVWUHODQDSDãQLNLK WDNRNDU ]DGHYDYSOLY
QDãNRGRNRWQDRGQRVOMXGL3ULWHPSDMHWUHEDXSRãWHYDWL
WXGLRPHMHQHPRåQRVWLSUHSR]QDYDQMDGRPLQDQWQHJDYROND
]QRWUDMWURSDREXUHVQLþHYDQMXRGVWUHODQDWHUHQX
6WUDQVNLXþLQNLRGVWUHODYRONRY
6LGHHIIHFWVRIZROIFXOOLQJ
3ULRGVWUHOXYRONRYVHPRUDPR]DYHGDWLWXGLGUXJLK
XþLQNRYNLMLKLPDWDSRVHJ±WDNRQHJDWLYQLKNRWSR]LWLYQLK
9VWURNRYQL]QDQVWYHQLLQODLþQLMDYQRVWLYHþNUDWSRXGDUMDMR
LQSUHGYLGHYDMRGDODKNRXYHGED]DNRQLWHJDORYD]PDQMãD
QH]DNRQLWL ORY QSU +8%(5 HW DO  /&,( 
75(9(6 1$8*+72175(9(6%$1*6HWDO
 6/2:2/)  =DWR MH YHUMHWQR ]DNRQLWL ORY
YVDM Y PDQMãHP REVHJX VPLVHOQ ] YLGLND ]PDQMãHYDQMD
QH]DNRQLWHJD RGVWUHOD LQ SULGRELYDQMD SRGDWNRY þH
SRSXODFLMD VHYHGD WDNãHQ SRVHJ SUHQHVH 2EHQHP SD VH
MH WUHED ]DYHGDWL GD VR XþLQNL VSUHPHPEH VWDWXVD ORYD
QD YRONRYH NR MH ]DNRQLWL ORY ERGLVL GRYROMHQ ERGLVL Y
FHORWL SUHSRYHGDQ YHUMHWQR YHþML NRW VDPR VSUHPHPEH
YLãLQH ORYQLKNYRW5D]LVNDYDY6HYHUQL$PHULNLQDPUHþ
QL SRND]DOD YSOLYD ãWHYLOD GRYROMHQM ]D OHJDOQL RGY]HP
YRONRYQDãWHYLORQH]DNRQLWRRGVWUHOMHQLKYRONRYHQDNRSD
VHMHSRND]DORWXGLYSULPHUXRGVWUHODULVRYY6NDQGLQDYLML
75(9(6=DWR ODKNRVNOHSDPRGDVSUHPHPEHY
YLãLQLRGVWUHOD]DQHNDMåLYDOLYHþDOLPDQMQLPDMR]QDWQHJD
YSOLYDQDREVHJQH]DNRQLWHJDORYD
0HGQHJDWLYQLPLVWUDQVNLPLXþLQNLRGVWUHODYRONRYMH
YHUMHWQRQDMYHþMLYSOLYQDVWUXNWXURLQGHORYDQMHWURSRY9
QDUDYQLKUD]PHUDKMHYHþLQDYRONRY]QRWUDMSRVDPH]QHJD
WURSDY VRURGX ] L]MHPRGRPLQDQWQHJDSDUD NL VH HGLQL
SDULLQNLJDVHVWDYOMDWDPHGVHERMQHVRURGQDYRONRYDLQ
WURSOHUHGNRVSUHMPHQHVRURGQHJDYROND587/('*(HW
DO 7R LPD SRPHPEQH XþLQNH ]D GHORYDQMH WURSD
RKUDQMDQMH QDUDYQHJD YHGHQMD LQ GROJRURþQR ]GUDYMH
SRSXODFLMH 1DVSURWQR VH RE RGY]HPX YRONRY ]PDQMãD
VRURGQRVW Y WURSX ]DUDGL VSUHMHPDQMD WXMLK þODQRYY WURS
)5$1.  :22'52))(  -('5(=(-(:6.,
HWDONDU ODKNRYRGLY VODEãHGHORYDQMH WURSDNRW
FHORWH LQ YHþMR YHUMHWQRVW QHQRUPDOQHJD YHGHQMD YRONRY
587/('*(HWDO2GVWUHOYþDVXSDUMHQMD ODKNR
YRGL WXGL GR LQFHVWD LQ QDGDOMQMLK QHJDWLYQLK SRVOHGLF
921+2/'7HWDO
3RPHPEHQYLGLNRGY]HPDYRONRYMHWXGLSRYHþDQMH
YHUMHWQRVWLNULåDQMD]GRPDþLPLSVLREVPUWLGRPLQDQWQHJD
YRONDYWURSX*5$17HWDO.ULåDQMH]GRPDþLPL
            =ERUQLN JR]GDUVWYD LQ OHVDUVWYD
SVL ODKNR SRPHQL UHVQR JURåQMR RKUDQMDQMX YROND LQ
VRELYDQMX V þORYHNRP .ULåDQFH PHG SVL LQ YRONRYL VR
SRWUGLOLYPQRJLKSUHGHOLK(YURSHQSUâSDQLMD1HPþLMD
3ROMVND 1RUYHãND )LQVND /DWYLMD %ROJDULMD ,WDOLMD
+UYDãND0(&+%2,7$1,/,11(//HWDO
- .86$.  ' +8%(5 SLVQR VSRURþLOR .HU LPDMR
NULåDQFLSRJRVWRPDQMVWUDKXSUHGOMXGPLODKNRWRYRGLY
SRYHþDQMHãWHYLODQDSDGRYQDRYFHLQSRWHQFLDOQRãHYHGQR
Y L]MHPQLKSULPHULK WXGL QHYDUQRVW ]D þORYHND NL MH SUL
YRONRYLK SUDNWLþQR QL9 VSORãQHP LPD RGVWUHO SOHQLOFHY
WXGL QHJDWLYQH SRVOHGLFH ]D FHORVWQR IXQNFLRQLUDQMH
HNRVLVWHPRY LQ RKUDQMDQMH ELRWVNH UD]QRYUVWQRVWL
%(5*(5.RWMHSRND]DOSUHJOHGUD]LVNDYYRNYLUX
SULþXMRþHJDSULVSHYNDJOHMYLUH]JRUDMMHODKNRQHJDWLYQL
VWUDQVNL XþLQHN RGY]HPD YRONRY LQ SRVOHGLþQHJD UXãHQMD
VWUXNWXUHWURSRYWXGLSRYHþDQMHãNRGHQDGRPDþLKåLYDOLK
3ROHJYSOLYDRGVWUHODQDSRSXODFLMRYRONRYGHORYDQMH
HNRVLVWHPRYLQSRY]URþDQMHãNRGHMHWUHEDXSRãWHYDWLWXGL
YSOLYRGVWUHODYRONRYQDRGQRV ORNDOQHJDSUHELYDOVWYD LQ
ãLUãHMDYQRVWLGRWHYUVWHLQGRXSUDYOMDQMD]QMR5D]LVNDYH
SR YVHP VYHWX NDåHMR GD SRVWDMD XELMDQMH NDUL]PDWLþQLK
åLYDOL NRW VR YHOLNH ]YHUL ]D ãLUãR MDYQRVW YHGQR PDQM
VSUHMHPOMLYR 75(9(6  .$5$17+  3R GUXJL
VWUDQL SD EL ODKNR WDNãQL SRVHJL SRYHþDOL WROHUDQFR OMXGL
GRYHOLNLK]YHUL]QRWUDMQHNDWHULKLQWHUHVQLKVNXSLQ/&,(
:<'(9(1HWDO'HMDQVNLYSOLYVSUHPLQMDQMD
YLãLQHRGY]HPDNRQÀLNWQLK åLYDOL QD WROHUDQFR ãLUãH MDYQRVWL
R]LURPDRãNRGRYDQFHYMHVLFHU]D]GDMãHQHUD]LVNDQ3UDY
WDNRQL MDVQR DOL VH WROHUDQFDPRUGDSRYHþDåH VDPRRE
RGORþLWYL LQãWLWXFLMHGUåDYH GD ER XUHVQLþLOD RGVWUHO DOL
QSU OH WHGDM NR VR YRONRYL GHMDQVNR RGVWUHOMHQL0RUGD
QD SRYHþDQMH WROHUDQFH YSOLYD åH VDPR SRVNXV WDUþQHJD
RGVWUHOD]QDPHQRPSUHSUHþHYDQMHãNRGH±WMþDNDQMHQD
YRONDQDSDãQLNXQHJOHGHQDWRDOLMHRGVWUHOSRWHPWXGL
GHMDQVNRXVSHãHQDOLQH
'RVHGDQMH UD]LVNDYH L] 6HYHUQH $PHULNH SUL
YRONRYLK Y QDVSURWMX ] QHNDWHULPL GUXJLPL ORYQLPL YUV
WDPLVLFHUQLVRSRND]DOHGDELELOL ORYFLQDYRONRYH WXGL
]DãþLWQLNL YRONRY 75(9(6  0$57,1  9HQGDU
EL OHJDOQL RGVWUHO ODKNR LPHO GRORþHQH SR]LWLYQH XþLQNH
QD RGQRV ORYFHY GR WH YUVWH9 6ORYHQLML VR VH ORYFL åH
YHþNUDW L]ND]DOLNRW]DãþLWQLNLYRONRYVDMVR MLKåHY
WLKOHWLKVWROHWMD]DYDURYDOLYGYHKWDNUDWQLKJRMLWYHQLK
ORYLãþLKQDREPRþMXFHORWQH6ORYHQLMLSDMHNURYQDORYVND
RUJDQL]DFLMDYRONDSRSROQRPD]DYDURYDODYOHWXWUL
OHWD SUHG ]DãþLWR V VWUDQL GUåDYH $'$0,ýHW DO 
2GVWUHONLJDRSUDYOMDMRORNDOQDORYVND]GUXåHQMDSULQDV
VRWRORYVNHGUXåLQHLQORYLãþDVSRVHEQLPQDPHQRPGDMH
ORNDOQHPX SUHELYDOVWYX PRåQRVW QHSRVUHGQHJD YNOMXþH
QMDYXSUDYOMDQMH ] ]DYDURYDQLPL åLYDOVNLPLYUVWDPLNDU
ELODKNRLPHORSR]LWLYQHXþLQNHQDVSUHMHPDQMHWHKåLYDOL
/&,(.HUMHYRONPHGORYFLSULQDVSRJRVWRWXGL
GRNDM]DåHOHQDWURIHMDVH]GRYROMHQMHPRPHMHQHJDSRVHJD
Y SRSXODFLMR Y RþHK GHOD MDYQRVWL WHM YUVWL GDMH GRGDWQD
YUHGQRVW]DUDGLþHVDUVHPRUGDSRYHþDåHOMDSRGROJRURþQL
RKUDQLWYL 9 QDVSURWQHP SULPHUX WM RE SRSROQHP
]DYDURYDQMX ODKNR QHNDWHUL SRVDPH]QLNL ]DþQHMR YROND
GRMHPDWL OH ãH NRW ãNRGOMLYFD 7H GRPQHYH EL ELOR VLFHU
WUHEDYSULKRGQMHãHUD]LVNDWLVDM]D]GDMWUGQLKSRGDWNRY
ãHQLQDYROMR
3RPHPEQR VH MH ]DYHGDWL WXGL GD VH ODKNR ]
RGUHMDQMHP YHGQR YHþMHJD RGVWUHOD YRONRY MDYQRVWL LQ
LQWHUHVQLP VNXSLQDP SRGDMD QDSDþQR VSRURþLOR GD MH
PRåQR]]PHUQLPVSORãQLPRGVWUHORPXþLQNRYLWR]PDQMãDWL
ãNRGR ]DUDGL QDSDGRY YRONRY QD åLYLQR 9VH GRVHGDQMH
UD]LVNDYHLQL]NXãQMHWDNRL]6ORYHQLMHNRWL]WXMLQHQDPUHþ
]HORRþLWQRNDåHMRGD WRQHGUåL7DNR LPD ODKNR WDNãHQ
XNUHS SRVOHGLFH NL VR SRSROQRPD QDVSURWQH RG åHOHQLK
NHU ãNRGHQHERGRXSDGOH VHER]GHORGVWUHOQH]DGRVWHQ
LQSULãORERGRSULWLVNRY]DQMHJRYRSRYHþDQMH3RGUXJL
VWUDQL SD VH ER Y MDYQRVWL UD]ãLULO GYRP R VSRVREQRVWL
XSUDYOMDYVNHJD RUJDQD GD V SRSXODFLMR YRONRY XVWUH]QR
LQXVSHãQRXSUDYOMDNDU ODKNRSULSHOMHGR WHJDGD OMXGMH
ªY]DPHMR VWYDUL Y VYRMH URNH© LQ VH SRYHþD QH]DNRQLWL
ORY2EDVFHQDULMDODKNRLPDWD]DYDUVWYRLQXSUDYOMDQMH]
YRONRYLGROJRURþQHQHJDWLYQHSRVOHGLFH9HOLNDWHåDYDSUL
]DQDãDQMXQDRGVWUHONRWXNUHS]D]PDQMãDQMHãNRGHMHWXGL
WDGDVHWDNRSUHXVPHUMDSR]RUQRVWVWUDQRGGUXJLKXNUHSRY
NLVRGRND]DQRXþLQNRYLWL]DSUHSUHþHYDQMHãNRGH1SU]
]DSLUDQMHPGUREQLFHYQRþQHRJUDGHLQXSRUDERSDVWLUVNLK
SVRYVRY)UDQFLMLSUHSUHþLOLãNRGR]DUDGLQDSDGRYYRONRY
YSULPHURY(63812HWDO
.HU MH RGVWUHO YHOLNLK ]YHUL QDMEROM NRQWURYHU]HQ
XNUHS NLPX VSORãQD MDYQRVW WXGL QDMEROM QDVSURWXMH JD
MH VPLVHOQRXSRUDELWL SUHGYVHPYSULPHULK NR MHRGVWUHO
SUHFHM EROM XþLQNRYLW RG GUXJLK XNUHSRY NL VR QD YROMR
ýHSUDYWRSULYRONXRþLWQRQHGUåLWRQHSRPHQLGDHQDNR
YHOMDWXGL]DGUXJHYUVWH1DSULPHUSULUMDYHPXPHGYHGX
8UVXVDUFWRVMHODKNRRGVWUHOSUREOHPDWLþQLKRVHENRYNL
VRSRVWDOLKDELWXLUDQLKQDþORYHNDLQDOL]DþHOLSRJRMHYDWL
þORYHNRYRQDY]RþQRVWVKUDQRGRNDMXVSHãQRVUHGVWYR]D
NUDWNRURþQR]PDQMãDQMHNRQÀLNWRY VDM SRJRVWR OH PDMKHQ
GHOHåYVHKPHGYHGRYSRY]URþL YHOLNGHO YVHKNRQÀLNWRY
.52)(/-(5,1$YSULSUDYL
=DNOMXþNL
&RQFOXVLRQV
'RVHGDQML EROM DOL PDQM QDNOMXþQL RGVWUHO YRONRY
Y 6ORYHQLML VH MH L]ND]DO NRW QHXþLQNRYLW XNUHS ]D
]PDQMãHYDQMH ãNRGH QD GRPDþLK åLYDOLK =DWR VH QH ]GL
VPLVHOQRGDELYSULKRGQMHQDGDOMHYDOLVWDNãQLPQDþLQRP
RGVWUHOD NRW XNUHSRP ]D ]PDQMãHYDQMH ãNRGH 7R SD QH
SRPHQLGDRGVWUHOYWDNãQLREOLNLQHELPRJHOELWLNRULVWHQ
]DGUXJHåHQDYHGHQHQDPHQH/&,(ý(51(HWDO
6/2:2/)
= RGVWUHORPEL ODKNR ]PDQMãDOL ãNRGR þH EL ]DþHOL
]HORPRþQRSRVHJDWLYSRSXODFLMRYRONRYDOLMRSRSROQRPD
L]WUHELOL9HQGDU L] ]DNRQRGDMQLK 023  LQ HWLþQLK
UD]ORJRYWRQLQHPRåQRQHGRSXVWQR'HOQRXþLQNRYLWRVW
RGVWUHOD]D]PDQMãHYDQMHãNRGHELVHPRUGDODKNR]DJRWRYLOR
VWDUþQLPRGVWUHORPYRONRYQDR]LURPDYQHSRVUHGQLEOLåLQL
.URIHO0ýHUQH5-HULQD.8þLQNRYLWRVWRGVWUHODYRONRY&DQLVOXSXVNRWXNUHSD]D]PDQMãHYDQMH 
SDãQLNRY ] åLYLQR 6SORãQD QDYRGLOD GD QDM VH RGVWUHO
SUHGQRVWQRXUHVQLþXMHQDPHVWLKNMHUYRONRYLSRY]URþDMR
ãNRGR VR åH ELOD ]DSLVDQD Y GRVHGDQMLK 3UDYLOQLNLK R
RGY]HPX YRONRY Y 6ORYHQLML QSU 023  YHQGDU
VH MH ]DUDGL SRPDQMNDQMD NRQNUHWQLK GRORþLO LQ WHåDYQL
L]YHGEL WRYUVWQHJD RGVWUHOD WD OH UHGNR RSUDYLO QD DOL Y
QHSRVUHGQLEOLåLQLSDãQLNRYQDNDWHULKMHELODSRY]URþHQD
ãNRGD =DWR SUHGODJDPR QDM VH Y SULKRGQMLK 3UDYLOQLNLK
]DRGY]HPYHOLNLK]YHULGRORþLGHOHåRGVWUHODNLVHODKNR
UHDOL]LUDVDPRQDSDãQLNLK]GUREQLFRR]LURPDQDGRORþHQL
UD]GDOML RG QMLK LQ VH QD WD QDþLQ VSRGEXGL XSUDYOMDYFH
ORYLãþGDYVDMGHORGVWUHODSRVNXVLMRRSUDYLWLRESDãQLNLK
.HU MH RGVWUHO Y EOLåLQL NRQÀLNWQLK SDãQLNRY ODåH GRVHþL
YREGREMXNRMHãWHYLORãNRGQLKSULPHURYYHþMHWRMHRG
PDMDGRYNOMXþQRRNWREUD8/$0(&ý(51(HWDO
NDUSDVHOHGHOQRSUHNULYD]ORYQRGRER]DRGVWUHO
NL JD QDþUWXMHMR OHWQH RGORþEH EL ELOR YHUMHWQR VPLVHOQR
GHO RGVWUHOD RSUDYOMDWL WXGL SR LQGLYLGXDOQLK RGORþEDK ]D
SDãQLNH Y GUXJL SRORYLFL DYJXVWD LQ VHSWHPEUX R]LURPD
þLPYHþML GHO RGVWUHOD L] OHWQLKRGORþE L]YHVWL Y RNWREUX
3UL WHP EL ELOR VHYHGD WUHED ]DJRWRYLWL GD GR RGREULWYH
RGVWUHOD]LQGLYLGXDOQRRGORþERSULGHGRYROMKLWURWDNRGD
MHãHRPRJRþHQRXUHVQLþHYDQMHWDNHJDRGVWUHODQDPHVWLK
NMHU VH NOMXE YDURYDQMX GUREQLFH SRQDYOMDMR SUREOHPL ]
YRONRYL =DWR EL ELOR VPLVHOQR åH YQDSUHM SULGRELWL YVD
SRWUHEQD VWURNRYQD VRJODVMD LQ VSUHMHWL RGORþLWHY DOL VH
QDMRGVWUHOQDRVQRYLLQGLYLGXDOQHRGORþEHVSORKRSUDYOMD
]D]PDQMãHYDQMHãNRGHQDGUREQLFLDOLQDMERRPHMHQUHV
VDPR]DL]UHGQHSULPHUHQSURESRMDYXVWHNOHDOLVKLUDQH
åLYDOLYEOLåLQLQDVHOLM
=DUDGLPRåQLKQHJDWLYQLKSRVOHGLFNLELJDODKNRLPHO
RGVWUHOGRPLQDQWQHJDRVHENDQDSUHåLYHWMHPODGLþHYNLVRY
SROHWQHPþDVXSRYVHPRGYLVQLRGVWDUãHYWHU]DUDGLYHþMHJD
XþLQNDXþHQMDYRONRYELVHELORSULSRURþOMLYRSULRGVWUHOXY
OHWQHPþDVXL]RJLEDWLRGVWUHOXGRPLQDQWQLKåLYDOL.HUSD
MHQDWHUHQXORþHYDQMHGRPLQDQWQLKRGSRGUHMHQLKþODQRY
WURSD ]HOR WHåDYQR EL VH ELOR SULSRURþOMLYR RVUHGRWRþLWL
SUHGYVHP QD RGVWUHO PODGLþHY NL MLK MH SROHWL LQ MHVHQL
PRåQR SUL ORYX ORþLWL RG RGUDVOLK 6PLVHOQR EL ELOR WXGL
YVDM]DHQPHVHFSUHPDNQLWLORYQRGRERQDYRONDWDNRGD
QHELYHþSRWHNDODRGRNWREUDGRNRQFDIHEUXDUMDDPSDN
RG VHSWHPEUD GR NRQFD MDQXDUMD 7DNR EL RGVWUHO ODKNR
SRWHNDO WXGL Y VHSWHPEUX NR MH YHþ QDSDGRY QD åLYLQR
REHQHPSDELELOLYRONRYL]DãþLWHQLIHEUXDUMDYþDVXYLãND
SDUMHQMD6&+0,'7HWDONRODKNRRGVWUHOSULYHGH
GRLQFHVWD921+2/'7HWDOLQSRYHþDYHUMHWQRVW
SDUMHQMDVSVL*5$17HWDO
âNRGDSRY]URþHQDQDGUREQLFLY6ORYHQLMLMHUHVHQ
SUREOHPWDNR]DQHNDWHUHORNDOQHSUHELYDOFHNRW]DYDUVWYR
LQXSUDYOMDQMH]YRONRYL1XMQRMHGDVHVWHPSUREOHPRP
NDU VH GD UHVQR VSRSULPHPR LQ VH ]DWR RVUHGRWRþLPR
SUHGYVHPQDXNUHSHNLELWRãNRGRXþLQNRYLWRSUHSUHþHYDOL
*OHGHQDQHXþLQNRYLWRVWVSORãQHJDRGVWUHODVHPRUDPRSUL
YRONXRVUHGRWRþLWLSUHGYVHPQDXSRUDERGUXJLKXNUHSRYNL
VRVHGRVHGDMåHL]ND]DOL]DXþLQNRYLWHSUL]PDQMãHYDQMX
ãNRGH SUHKRGQDPDQM NRQÀLNWQR UDER SURVWRUD R]LURPD
L]EROMãDQMHYDURYDQMDGUREQLFHVSUDYLOQRXSRUDERQRþQLK
YDUQLKRJUDG LQSDVWLUVNLKSVRYNMHU WDSUHKRGQLPRåHQ
]D SUHJOHG PRåQLK XNUHSRY JOHM ý(51( HW DO 
6XPPDU\
/LYHVWRFNGHSUHGDWLRQLVRQHRIWKHPDLQFKDOOHQJHV
LQ WKHFRQVHUYDWLRQPDQDJHPHQWRI WKHJUH\ZROI &DQLV
OXSXVWKURXJKRXWLWVUDQJH7KHVDPHLVWUXHIRU6ORYHQLD
ZKHUHPRUHWKDQIROGLQFUHDVHLQWKHQXPEHURIUHFRUGHG
DWWDFNV RQ OLYHVWRFN HVSHFLDOO\ VKHHS KDYH WDNHQ SODFH
ZLWKLQ WKH ODVW\HDUV'HSUHGDWLRQSUHYHQWLRQ LVRIWHQ
YHU\FKDOOHQJLQJ&XOOLQJRIWKHZROYHVKDVEHHQRQHRIWKH
PDLQPHDVXUHVXVHGLQ6ORYHQLDLQWKHODVW\HDUVLQRUGHUWR
DWWHPSWWRUHGXFHGDPDJHVRQGRPHVWLFDQLPDOV+RZHYHU
WKHHIIHFWLYHQHVVRIWKLVPHDVXUHKDVQRW\HWEHHQWHVWHGLQ
WKLVFRXQWU\,QWKHSUHVHQWVWXG\ZHDQDO\]HGWKHHIIHFWV
RIWKHZROIFXOOLQJRQOLYHVWRFNGHSUHGDWLRQE\ZROYHVLQ
6ORYHQLDLQ,QDGGLWLRQZHPDGHDUHYLHZRI
DYDLODEOHSXEOLVKHGVWXGLHVIURPRWKHUUHJLRQV
,QWKHODVW\HDUVWKHQXPEHURIZROYHVFXOOHGLQ
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